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dissolving accurately weight amount of copper(II) nitrate
trihydrate (Cu(NO3)2.3H2O) in deionized water. Appropriate
dilution of the stock solution was carried out in order to obtain
the desired concentration of Cu(II) solution used later in the
experiment.
Adsorbents: Mango leaf was selected as adsorbent for
removal of Cu(II) ion in this study. The leaves were obtained
from a Chokanan mango tree located in local house yard at
Sekinchan, Malaysia. Mature mango leaves were collected and
each leaf was washed thoroughly under running tap water to
remove dust and any adhering particles. The leaves were then
dried under sunlight for a few days and then in oven at 80 ºC
until it became crisp. The dried leaves were crushed and
blended to powder form using a blender. The mango leaves
powder was boiled and washed for several times until it was
free of colour and turbidity. Then, the powder was dried in
oven at 80 ºC overnight and stored in an airtight plastic for
further use to avoid contact with moisture in atmosphere.
Batch experiments: Batch experiments were carried out
at room temperature by shaking a mixture of 0.1 g of mango
leaves powder and 20 mL of Cu(II) solution in a centrifuge
tube, at agitation rate of 150 rpm for 2 h until equilibrium was
reached unless otherwise stated. All samples were carried out
in duplicate under the same conditions and the average results
were taken. After agitation, the powder was removed by
filtration using filter paper. The concentration of Cu(II) in the
filtrates as well as in the control samples were determined by
using flame atomic absorption spectroscopy spectrometer.
Controls without adsorbent were simultaneously carried out
to ascertain that adsorption was due to adsorbent and not the
wall of the centrifuge tube. The uptake of Cu(II) was calcu-
lated using the following equation:
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where Co is the initial concentration and Ct the concentrations
at time t.
Effect of pH: The effect of pH on Cu(II) adsorption was
studied by agitating 0.1 g of mango leaves powder and a series
of 20 mL Cu(II) solution with concentration of 10 mg/L at
different pH value, ranging from pH 2-10. The samples were
agitated for 2 h to reach equilibrium and agitation speed was
maintained at 150 rpm. The pH of Cu(II) solution was adjusted
to the desired value by drop wise addition of hydrochloric acid
(HCl) or sodium hydroxide (NaOH) of various molarity.
Effect of initial metal ion concentration and contact
time: The effect of initial concentration and contact time was
investigated by agitating 0.1 g of mango leaves powder in 20
mL of 5 mg/L of Cu(II) solution over time periods of 5, 10,
15, 30, 60, 120, 180 and 240 min at constant agitation speed
of 150 rpm. The above step was then repeated using 10 mg/L
and 20 mg/L of Cu(II) solution respectively.
Effect of agitation: In this study, 0.1 g of mango leaves
powder was agitated at 50 rpm in 20 mL of 10 mg/L of Cu(II)
solution over time periods of 5, 10, 15, 30, 60 and 120 min.
The above step was then repeated using agitation speed of
100 rpm and 200 rpm.
Effect of particle size: The effect of particle size was
studied by using four different sizes of mango leaves powder,
which are <106 µm, 106-250 µm, 250-425 µm, 425 µm-1 mm.
0.1 g of mango leaves powder which were sieved into desired
size was agitated at 150 rpm in 20 mL of 10 mg/L of Cu(II)
solution over time periods of 5, 10, 15, 30, 60 and 120 min.
Sorption isotherm: The equilibrium isotherm was deter-
mined by using a range of different concentration of Cu(II)
solution (10, 20, 30,40,50, 60, 70 and 80 mg/L). Mixture of
0.1 g of mango leaves powder and 20 mL of Cu(II) solution
was agitated at the speed of 150 rpm for 4 h, which was suffi-
cient to reach equilibrium. The amount of Cu(II) adsorbed at
equilibrium (qe) was calculated by using equation 2.
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where V = Volume of solution (mL), W = Weight of adsorbent
used (g) and other terms are as previously defined.
RESULTS AND DISCUSSION
Fourier transform infrared analysis: FTIR analysis was
carried out in order to identify the different functional groups
present in mango leaves which were responsible for adsor-
ption process. The peaks appearing in the FTIR spectrum were
assigned to various functional groups according to their
respective wavenumbers. It was observed that the peaks at
3438, 2925, 1654 and 1057 cm-1 before adsorption had shifted
to 3435, 2924, 1638 and 1065 cm-1 respectively. This was due
to the participation of these functional groups in the binding
of Cu(II) ions5. The comparison of band positions of various
functional groups in mango leaves before and after Cu(II) ions
adsorption was given in Table-1.
TABLE-1 
COMPARISON OF FTIR BAND POSITIONS BEFORE  
AND AFTER Cu(II) IONS ADSORPTION 
Wavenumber (cm-1) Assignment Before adsorption After adsorption 
O-H stretching 3448 3435 
C-H stretching 2925 2924 
C=C stretching 1654 1638 
C-O stretching 1057 1065 
Effect of pH: pH of the aqueous solution is an important
parameter governing the adsorption process as it not only
affects the surface charge of adsorbents, but also influences
the degree of ionization of metal ions in solution. The effect
of solution pH on the adsorption of Cu(II) ions onto mango
leaves was evaluated in the pH range of 2 to 10 and the result
was showed in Fig. 1. At pH 2, Cu(II) ions uptake by mango
leaves was the lowest, which was only 15.2 %. The uptake
increased rapidly to 89.8 % at pH 3. At the pH range of 4 to
10, the uptake became almost consistent, ranging from 95.1
to 97.8 %. The maximum adsorption occurred at pH 5 and the
uptake of Cu(II) ions was 97.8 %. The low uptake in acidic
medium was due to the high concentration of H+ ions which
competed with Cu(II) ions for the adsorption sites. Besides, it
is also suggested that at low pH, the carboxyl groups on the
surface of mango leaves that were responsible for binding with
Cu(II) were predominantly protonated (-COOH), hence inca-
pable of binding Cu(II). As the pH increased, there were fewer H+
ions present in the solution and consequently more negatively



